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SUMMARY  Keloids and hypertrophic scars are the consequence of excessive collagen deposition during
the process of wound healing. The increasing number of operations and injuries, the widely accepted cul-
ture of piercing, and higher cosmetic criteria have led to a greater interest in the methods of their treat-
ment. Due to the lack of an appropriate animal model, the respective research is based solely on clinical
experience. A great number of therapeutic options indicates that no ideal therapy has yet been found. Use
of multiple modalities is often necessary to treat the lesions successfully. The molecular, biochemical and
clinical features of keloids and hypertrophic scars as well as treatment modalities are discussed.
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Introduction
Wound healing is a process that may result in either scar
or keloid formation. Ideally, wound healing without scar
formation can be seen in humans in certain periods of in-
trauterine development, at about 24th week of gestational
age. Disturbances in the mechanisms of the intrauterine
fetal wound process of scar development may start in this
period to be stopped later on, thus opening new perspec-
tives for investigation1. Keloids and hypertrophic scars
exclusively affect homo sapiens, and that is why no exper-
iments are possible in an animal model2. The increasing
number of surgical procedures and injuries, the higher
cosmetic criteria, and especially the widely accepted cul-
ture of piercing are causes of the higher incidence and
increased interest in keloids and hypertrophic scars3-5.
Keloids can be caused by a minor skin wound such as acne
or even a mosquito bite.
Epidemiology
Keloids and hypertrophic scars mostly affect persons
betwen 10 and 30 years of age6, sex distribution is 1:1, and
the incidence ranges from 4.5% to 16%7. The incidence in
Blacks and Asians is 15-fold that in Caucasians8. A family
history is also important. The spontaneous development
of multiple keloids has been recognized in syndromes such
as Rubinstein-Taybi syndrome. A predisposition for keloid
formation has been noted in individuals with human leu-
kocyte antigen (HLA) B 14, BW 16 and blood group A2.
Physiology of Wound Healing
There are several phases in the normal wound healing
process9. In stage I, or hemostasis, some factors released
from alpha platelet granules can increase scarring forma-
tion. These factors are the cytokines transforming growth
factor-ß (TGF-ß), fibroblast growth factor 2 (FGF-2) and
epidermal growth factor (EGF). TGF-ß is the most potent
and best investigated scar factor. There are three isomers;
isomers 1 and 2 act as scarring promoters, whereas isomer
3 has an opposite action. Higher levels of TGF-ß 1 and 2
are found in hypertrophic scar and keloid10.
The inflammatory phase is marked with a higher vas-
cular permeability and migration of inflammatory cells. A
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prolonged inflammatory phase leads to a bigger scar. In a
fetal wound which heals without a scar, this stage is just
indicated, mainly without cell infiltration and supported
by TGF-ß11. Mastocytes that appear in the transitory phase
from vasoconstriction to vasodilatation are normally in-
creased in the wound until 3rd week of the injury, where-
after their number decreases. Hypertrophic scars and ke-
loids have a continuously higher level of mastocytes. In
pathologic conditions such as hypertrophic scar, scleroder-
ma and keloid tissue mastocytes lead to an increase in the
level of interleukin-4 (IL-4), which in turn entails a greater
collagen production by direct fibrocyte stimulation, and
decreases the concentration of antithrombotic factors tu-
mor necrosis factor-alpha (TNF-a), (IL-1) and IL-610,12,13.
At about 7th day of wound healing, inflammatory cells are
being replaced by fibroblasts, which are present in a het-
erogeneous population. This is the migratory phase. Lo-
cal hypoxia, acidosis, increased histamine level and reduced
nitric oxide level help activate clonus with an increased
mytotic activity and a higher production of collagen, which
results in higher scarring, starting from the stage of pro-
tein synthesis, mainly collagen. The increase in oxygen
level in the air does not stop this process, which suggests
microvascular occlusion2.
Collagen remodelling commonly starts at about third
week, when the process of collagen decay gradually be-
comes superior to the process of synthesis. The most im-
portant factors of collagen decay are interferon gamma,
TNF-a and metalloproteinase, and the above mentioned
TGF-ß as a counter-factor present throughout the process
of wound healing9,14. One week of the injury the firmness
of the skin is about 3%, at three weeks about 20% and at
three months about 80% of the normal skin firmness, and
the process of remodelling and healing is completed at
about one year of the injury. The scar will never gain the
firmness and elasticity of the normal skin9.
Histologic and Biochemical Characteristics of
Keloids and Hypertrophic Scars
Excessive collagen growth is common in both process-
es. Deposits of collagen and keloids are chaotically distrib-
uted in different directions surrounded by a mucinous
extracellular matrix with an abundance of eosinophil nod-
ules. These nodules consist of a dense mass of fibroblasts
within the collagen, encircled by numerous small vessels
with obstructed lumina.
Collagen and hypertrophic scars do not show such a
chaotic distribution, their bundles being dense and paral-
lel to the epidermis. Eosinophilic nodules and extracellu-
lar matrix are not observed. Obstructed blood vessels are
present, however, in a smaller amount than in keloids.
Eosinophils, plasma cells, lymphocytes, foreign body cells
and mastocytes are common in both processes. The con-
centration of proline hydroxylase, an enzyme important for
collagen production, is approximately 20 times greater in
keloid than in hypertrophic scar, thus proving an unlimit-
ed collagen production. Even though the inhibitors of col-
lagen, collagenase a2-macroglobulin and a2-antitrypsin, are
present in the wound, they cannot reduce the higher col-
lagen production. Decorin, a protein molecule that has an
impact on TGF-ß neutralization, is in keloid reduced to
25% of the normal value found in a normal scar2. Hyper-
trophic scar, in contrast to keloid, contains special fibro-
cytes with alpha actin myofibrils, which are important fac-
tors in scar contraction15.
The role of hypoxia and reduction of nitric oxide con-
centration with consequential local tissue metabolic anom-
alies could be a trigger for the development of keloid2.
Classification
The most widely used system is the Vancouver Scar
Scale16: 1) mature scar  a light-colored, flat or slightly el-
evated scar; 2) immature scar  a red-colored, sometimes
itchy or painful, elevated scar in the process of remodel-
ling; de-elevating tendency; with time it may assume pig-
mentation of the surrounding skin or can be a bit paler or
slightly darker; 3) linear hypertrophic scar (traumatic/sur-
gical)  red, elevated, sometimes itchy within the range
of former incision. It can increase in size rapidly for 3 to 6
months and then, after a static phase, begins to regress.
The full maturation process may take up to 2 years; 4)
widespread hypertrophic scar  usually occurs after burn
injury, elevated, with irregular edges, itchy, and can result
in contraction; 5) minor keloid  its main characteristic is
extension over normal tissue. It can develop up to 1 year
after the initial injury, and does not regress on its own.
Recurrence often occurs after surgical excision; and 6)
major keloid  larger than half a centimeter, develops
through years with itching and pain. It has characteristics
of new tissue formation.
Some regions of the body have an increased suscepti-
bility to keloid formation. Sporadic cases were presented
on mucosa and cornea. The regions with highest poten-
tial for hypertrophic scar and keloid formation are prester-
nal region, superior back of the trunk and posterior region
of the neck. Ears, deltoid region, thoracic region and beard
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are less affected. Keloids are very rarely seen on palms,
scrotum and upper palpebra17.
Hypertrophic scars are often seen if injury affects re-
ticular dermis or even deeper layers equivalent to burns
of second and third degree. Often affected areas are around
joints and sites where skin folds meet at a 90-degree an-
gle. Keloids tend to have an irregular surface, and hyper-
trophic scars are usually smooth18.
Therapy for Keloids and Hypertrophic Scars
Ideal therapy would directly affect biochemical pro-
cesses of wound healing, leading the cells of wound edges
to form normal tissue, or making the formerly formed scar
to transform into the normal tissue, which can be achieved
by increasing the levels of FGF, EGF, IF-gamma and TGF-
ß 3, or by suppression of TGF-ß 1 and 219,20. Gene therapy
can affect the concentration of TGF-ß as well as copper
III peptide and tamoxifen11,21. With artificial skin replace-
ment placed on the excised scar covered with ultra-thin
skin graft for several weeks, appropriate healing of donor
and recipient sites can be achieved22. TGF-ß can also be
affected by antibodies. Previously mentioned methods are
still being investigated. Thus, the existing therapeutic op-
tions will be briefly presented.
Surgery
Surgery is one of the oldest method of treatment for
keloids. Unfortunately, if it is the only method of treat-
ment, the rate of recurrence is about 80%. Rearrangement
of the scar parallel to the skin lines (w, z) can be used when
the scar or keloid is not big. If a full-thickness skin graft is
needed, sutures should be situated without tension. Do-
nor site should be taken from the region of the lowest scar
tissue formation potential. The formation of hematoma,
seroma and infection should be reduced to a minimum.
Surgery should not be the only method of treatment
but should be combined with at least one, potentially two
therapeutic options, mostly with intralesional corticoster-
oid injections15.
The latest surgical procedure is called keloid core
excision. Epidermis of the keloid with a surrounding thin
layer of dermis is separated from the core of the keloid and
used as a skin flap that is sutured to the defect. The au-
thors achieved a satisfactory cosmetic effect with a mini-
mal number of complications and low recurrence rate in a
series of 24 patients23.
Radiotherapy
Oncologic complications are the main contraindication
for the use of radiotherapy in the treatment of benign le-
sions that do not compromise life. Radiotherapy alone has
low efficacy in the treatment of keloids, and in combina-
tion with surgical techniques the success rate is 80%, the
same as with corticosteroid injection therapy. If radiother-
apy is applied, the first dose is given immediately after the
surgery, and the rest of doses are administered over the
next few days. Total dosage ranges between 1500 and 2000
rads24,25. Iridium 192 in a dose of 14 to 20 Gy can be inter-
stitially apllied26. Radiation destroys fibroblasts in the
wound, prevents neovascularization, which ultimately
leads to a decreased production of collagen. Hyperpigmen-
tation of the skin and carcinogeneic effect are side effects
of this therapy15.
Pressure therapy
It can be used in the treatment of keloids and in the
prevention of hypertrophic scar formation after burn inju-
ry. A pressure of 18-24 mm Hg is applied for 23 hours and
a half of it daily for 6 to 12 months. Ear rings specially con-
structed for the treatment of keloids in ear lobes can be
prescribed in the USA. A specially constructed implant for
mouth angles or masks for the whole face, which are car-
Table1. Characteristics of keloids and hypertrophic scars
Characteristic Keloid Hypertrophic scar
Incidence Possible development months after injury Weeks after injury
Borders Confined to primary wound Crosses borders of initial wound
Contraction No Possible
Regression No Often after 1 to 2 years
Itching and redness Present Present
Size Mostly greater than primary wound Correlates with wound size
Response to surgery Mostly recurring Good, especially with additional therapy
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ried for a year, are the tools used for the prevention of
microstoma and hypertrophic scars of the face after burn
injury. Pressotherapy tapes can be applied. Low patient
compliance is a major disadvantage of this method.
The postulated mechanims are stabilization of masto-
cytes, fibroblast degeneration, decrease of cellular infiltra-
tion because of hypoxia, and especially effect on a2-mac-
roglobulin, a decrease of which leads to greater collagen
degradation27,28.
Silicone gel therapy
A 3.5-mm thin semiocclusive soft covering or occlusive
blister with a cream is applied. The efficacy of this thera-
py in combination with some other method is about 80%.
Because of easy application it may be especially useful in
children. It is applied over at least 12 hours daily for six
months. It relieves itching and pain, and is not absorbed
through the skin. The mechanism of action is scar hydra-
tion. Evaporation is decreased by 50%, which is assumed
to decrease capillary activity, also reducing collagen depo-
sition and concentration or proinflammatory cytokines.
The only side effect is sensitization29,30.
Laser therapy
Considering carbon-dioxide laser treatment, best re-
sults are achieved by use of the scanning spiral mode of
undisturbed flow with less than 1 millisecond tissue ex-
posure time. In this way tissue vaporization is achieved
with the least possible coagulation31. The 585-nm pulsed
dye argon laser produces energy of 6.0 to 7.0 K/cm2. It is
assumed that laser coagulates capillaries causing local hy-
poxia, releasing lactic acids, and decreasing pH and a2-
macroglobulin concentration, thus enhancing collagenol-
ysis32,33.
The treatment lasts for about a year. If a fresh wound
is treated, laser promotes normal healing and regression of
unfavorable effects. Satisfactory results are achieved in
about 75% of scars. Side effects include erythema and, in
the treatment of grafts, hypopigmentation34.
Corticosteroids
Corticosteroids have been established as adjuvant ther-
apy to surgery, and can be used in conjunction with other
treatment modalities. Intralesional corticosteroid injec-
tions alone will improve but not eliminate a keloid15. There
are several different steroid preparations including hydro-
cortisone acetate, methylprednisolone acetate and dexam-
ethasone. Triamcinolone is most popular and can be com-
bined with 5-fluorouracil (50 mg/ml 5-FU in 10 mg/ml
triamcinolone acetonide). Success rate is about 70%35. If
applied on the face, the concentration of triamcinolone
should be from 2.5 to 20 mg/ml, and for the rest of the body
between 20 and 40 mg/ml. Corticosteroids have an inhib-
itory effect on fibroblast growth and a2macroglobulin,
which results in collagen degradation36. Pain is the main
cause of poor patient compliance. Infiltration anesthesia
or EMLA anesthesia (eutectic mixture of lignocaine and
prilocaine) should be a standard procedure when corticos-
teroids are intralesionally applied. Other side effects in-
clude atrophy, depigmentation and telangiectasia forma-
tion15,37.
Cryosurgery (cryotherapy)
In most cases, cells and microcirculation are directly
destroyed by freezing with the use of liquid nitrogen.
Treatment usually includes 2 to 3 freezing cycles lasting
from 10 to 30 seconds. Generally, 10 treatments applied
10 to 20 days apart are required. Success rate ranges from
50% to 70% if used as sole therapy, whereas in combina-
tion with corticosteroid treatment the success rate exceeds
80%38.
The disadvantages of cryosurgery include prolonged
therapy and recovery period. Melanocytes are very sensi-
tive to freezing, which can induce hypopigmentation in
dark-skinned individuals39.
Interferon therapy
Interferon therapy is the latest therapeutic option. It
can be used as sole therapy to induce keloid regression, or
can be used after surgical therapy. It is very efficacious in
more than 85% of cases. Therapeutic option is intralesional
injection of 10 to 200 mcg two times a week during a 4-
week period40,41. Pain is one of severe side effects, and
therefore regional anesthesia may sometimes be required.
A flu-like syndrome can be seen but it subsides in two days
after the application2. Imiquimode is an immunostimula-
tor that can be applied as an ointment to increase endog-
enous interferon production42.
Conclusion
Multiple therapeutic options in the treatment of kel-
oids and hypertrophic scars show that no ideal therapy has
been found so far. The lack of an animal keloid model is
the major disadvantage in terms of investigation43. If kel-
oids or scars are large and multiple, initial therapy should
include pressure therapy or therapy with a silicone gel
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sheeting. Isolated lesions should be additionally treated
with cryotherapy or 5-FU.
Big keloids need to be surgically treated in addition to
some other methods. If the lesion is smaller, and if it is not
located on the ear lobe, initial therapy should not be sur-
gical but combined. Keloids of the ear lobe should be op-
eratively treated, followed by some other therapy, e.g.,
pressure therapy, corticosteroids, 5-FU or laser therapy.
Special care should be taken in the treatment of keloids
and scars of the face in terms of concentration of corticos-
teroids and use of laser. Scars that are formed after acne
can be treated by dermoabrasion44.
Combinations of therapeutic methods and their pre-
cise use are the most important factors for successful treat-
ment outcome.
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Saetak
STRATEGIJE U LIJEÈENJU KELOIDA I HIPERTROFIÈNIH OILJAKA
D. Shejbal, V. Bedekovic, M. Ivkic, L. Kalogjera, Z. Aleric i P. Drvi
Keloidi i hipertrofièni oiljci posljedica su prekomjernog odlaganja kolagena tijekom cijeljenja rane. S poveæanim brojm operacija
i ozljeda, pojavom tzv. piercinga, te viim estetskim kriterijima poraslo je zanimanje za njihovo lijeèenje. Nedostatak ivotinjskog
modela za prouèavanje keloida upuæuje na nunost iskustva iz klinièke prakse. Terapija treba biti kombinirana, a postojanje razlièitih
opcija dokazuje kako jo uvijek ne postoji idealan oblik lijeèenja. Raspravlja se o molekularnim, biokemijskim i klinièkim vidovima
razvoja keloida i hipertrofiènih oiljaka, kao i o njihovom lijeèenju.
Kljuène rijeèi: Hipertrofièni oiljak  terapija; Hipertroficni oiljak  fiziopatologija; Keloid  terapija; Keloid  etiologija; Cijeljenje rane
 fiziopatologija; Poslijeoperacijske komplikacije 
